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(54) LOW REFLECTION FILM AND DISPLAY PANEL USING IT 

^ (57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a practical reflection index of an incident reflection angle 
with wide visibility by ac(justing and forming thickness of each layer of a low reflection film so as 
to be below a given reflection index. 

SOLUTION: Thickness of each layer of a low reflection film is, for example, about 20 nm in a 
first ITO thin film, about 25 nm in a first silicon dioxide thin film, about 45 nm in a second ITO 
thin film, and about 100 nm in a second silicon dioxide thin film. As a result, the spectroscopic 
reflection index becomes 1% or less when a light beam with the wavelength range of 490 to 640 
nm for a light beam incident angle of 10 degrees. Further, for the incident angle of 10 degrees 
the reflection index up to a wavelength of 650 nm of the incident light beam is 1% or less, the 
reflection index up to a wavelength of 700 nm is 1.6% or less, and the reflection index up to a 
wavelength of 750 nm is 2.7% or less. Spectroscopic reflection index characteristics in which a 
value (y) for the reflection light degree of color is 0.10 or more and 0.25 or less is obtained 
when the wavelength range of the incident light beam for of the light beam incident angle of 10 
degrees is 380 to 780 nm. 
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[0004] 

[Problems to be Solved by the Invention] 

The inventors of the present application found that 
the visibility of the information displayed on a CRT 
depends not only on the wavelength of light, but also on 
incidence and reflection angles of light. JP 4-334853-A 
describes or suggests nothing regarding the incidence and 
reflection angles of light. As defined in JIS Z8701, 
generally, the color is mainly represented by the XYZ color 
system based on a 2-degree field of view, or the X 10 Y 10 Z 10 
color system based on a 10-degree field of view. Thus, it 
is assumed that the technique disclosed in JP 4-334853-A is 
based on the 10-degree field of view. However, a viewer 
(observer) observes a displayed content not only from the 
front of a CRT display panel, but actually, also in a wide 
field of view over 10-degrees, so the 10-degree field of 
view is insufficient. 
[0005] 

Further, the inventors of the present application 
found that in the reduction of the reflection when a 
multilayer thin film is adhered to a CRT surface, it is 
necessary not only to reduce the reflectance, but also to 
consider a countermeasure to the fact that there are colors 
preferable and not preferable to an observer. In the 
conventional methods, the color of reflected light was not 
taken into account in addition to the diopter. 
[0006] 

The inventors of the present application found that a 
conventional measuring method of the reflectance, which 



1 



will be discussed hereinafter, was not correct. 
[0007] 

The object of the present invention is to provide a 
low-reflection film, providing a reflectance practicable to 
incidence and reflection angles of wide range of diopter. 
Another object of the present invention is to provide a 
low-reflection film providing a reflection color preferable 
for an observer. Yet another object of the present 
invention is to provide a practical and effective display 
panel using the low-reflection film mentioned above. 
[0008] 

[Means for Solving the Problem] 

The basic concept of the present invention to achieve 
the above object is discussed below. When a surface of a 
display panel such as a cathode-ray tube is subjected to a 
non-reflection treatment by an optical multilayer thin 
film, the chromaticity of reflected light changes toward 
the red side as incidence and reflection angles of the 
light are increased. However, it has been found that it is 
possible to prevent the reflected light from extreme 
changes to red provided that the incidence and reflection 
angles are below 4 0° at the maximum when the following 
optical conditions are satisfied: 

(1) The spectral reflection factor characteristic is such 
that the reflectance of a spectral reflection at each wave 
length is 1% or less in the wave length range of 4 90 to 640 
nm which exhibits a high luminosity; 

(2) The spectral reflection characteristic is such that the 
reflectance is 1% or less at the wave length of 650 nm, 
1.6% or less at the wave length of 700 nm, and 2.7% or less 
at the wave length of 750 nm; 
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(3) The spectral reflection characteristic is such that the 
y value of the chromaticity of reflected light is between 
0.10 and 0.25 in the spectral reflection. 

[0025] 

Second Embodiment of Low-Reflection Film 
A second embodiment of a low-reflection film of the 
present invention is discussed below. The second 
embodiment of the low-reflection film eliminates the 
drawback of the non-reflection multilayer film of the first 
embodiment. The structure itself of the non-reflection 
multilayer film of the second embodiment is the same as the 
non-reflection multilayer film of the first embodiment 
illustrated in Fig. 14, as illustrated in Fig. 17. That 
is, as illustrated in Fig. 17, a non-reflection multilayer 
film 30 according to the second embodiment of the low- 
reflection film of the present invention has a laminated 
structure having a first ITO (Indium Tin Oxide) thin layer 
31 having a predefined thickness of tla, a first silicon 
dioxide (Si0 2 ) thin film 32 having a predefined thickness of 
t2a, a second ITO thin film 33 having a predefined 
thickness of t3a, and a second silicon dioxide thin film 34 
having a predefined thickness of t4a. The thicknesses of 
these layers are different from those of the non-reflection 
multilayer film of the first embodiment. The thickness 
will be discussed below. When the non-reflection 
multilayer film illustrated in Fig. 17 is adhered to the 
surface of the CRT, these multilayer films are formed on a 
transparent resin film such as a PET or an acrylic film, 
through a thin film of 5 nm or less such as Si0 2 which has a 
small optical influence as an adhesion layer 40, so that 
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the adhesive layer is located between the surface of the 
CRT and the first ITO thin film. 
[0026] 

Fig. 18, which corresponds to Fig. 15, is a graph 
showing a characteristic curve of the second embodiment . 
Compared with the characteristics data illustrated in Fig. 
15, the reflectance on the long wavelength side is designed 
to be lower and the reflectance curve for the wavelength of 
600 to 750 nm is designed to be gentler in order to improve 
the non-reflection multilayer film of the first embodiment. 
In the characteristics of the reflectance illustrated in 
Fig. 18, the reflectance on the long wavelength side 
increase as the incidence and reflection angles of the 
light increase. However, there are the following 
advantages: a. the curve on the long wavelength side is 
gentle; and b. the reflectance characteristics indicate a 
relatively flat curve in the wavelength range of 460 to 600 
nm. 
[0027] 

When these characteristics are selected, the 
characteristics illustrated in Fig. 19 are obtained by the 
non-reflection film of the second embodiment. Fig. 19 
shows characteristic curve corresponding to Fig. 16. 
Compared with the data of Fig. 16, the data of Fig. 19 
shows less chromaticity change toward the red side due to 
the change of the incidence and reflection angles of the 
light. Further, when the y value of the chromaticity of 
reflected lights at the incidence and reflection angles of 
10°, the ray is between 0.10 and 0.25, the chromaticity at 
40° is moved toward the white side, and the red color 
becomes weak. The chromaticity of reflected light at the 
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incidence and reflection angles of 40° is nearly identical 
to the chromaticity of white (x=0.333, y=0.333), so at 
least, the chromaticity does not indicate red which is most 
disliked by users. 
[0028] 

The non-reflection multilayer film showing the 
characteristics above was obtained by adjusting the 
thickness of each layer of the non-reflection multilayer 
film illustrated in Fig. 17. An example is shown below: 
Thickness tla of the first ITO thin film 31 * 20 nm 
Thickness t2a of the first silicone dioxide (Si0 2 ) thin film 
32 « 25 nm 

Thickness t3a of the second ITO thin film 33 « 45 nm 

Thickness t4a of the second silicone dioxide thin film 34 « 

100 nm 

[0029] 

The low-reflection film of the present invention can 
be obtained by adjusting the thickness of each layer. That 
is, to achieve a reflectance characteristic of a non- 
reflection multilayer film different from those illustrated 
in Fig.s 15 and 18, the thickness of each film illustrated 
in Fig.s 14 and 17 is adjusted. 
[0030] 

Although the above discussion has been directed to the 
reflection to enhance the visibility of information 
displayed on the CRT screen by adhering a non-reflection 
multilayer film as a low-reflection film to a surface of 
the CRT, the non-reflection multilayer film mentioned above 
can be applied not only to the surface of CRT, but also to 
other display panels or other devices which are affected by 
the incidence and reflection angles of the light. In the 
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embodiments above, a cathode-ray tube is used as the 
display panel, but the low-reflection film of the present 
invention can be applied to various display panels such as 
a liquid crystal panel, a plasma display, or an EL panel. 
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HmZtl&Zttth. -tttto-h* AR7-f/PA?-CR 

®tr>frt>Jl&bifr&l l Zjl£ZZbl,Z%;&. CRTOiB 

Wfcr(4»fe»<?5Rit3l£feB&&*#4ii-&. Lfc**oT. K 

ffl*t:i:oT(4, iSFiLv^fiRftfBPCti*^. fit, 
KB 2 0tttHKKMR#Ka S tth . 
[002 1 ] i&KMm_ 

&±<&mfrt>. xMTjtmBw lo* -4 0° mmz 



[0022] immmcom 1 nmn^m . 
^miom i commcommt Lxco^mm^^xm 

H 1 4 Ji#5KB<oiKRSf «*>SS 1 comi&CD&mk 

vx(rmm.m^mm<nmwmvh h . m 1 4 £H«L£ 

*S£i»JiJ$ 1 0 (4, WSOffS 1 1 com 1 0 I TO 
(Indium Tin Oxideff^l 1, Bf^>Jg $ t 2 03110 

OSH20I TOjIJWl 3, ffi5£OJS$t4 0SI2 0-ig 
ft^Unyili|l4trflWL3t«3ftfcfCV^. »fif"J 
t tT(4, SKOITOfll 10/f$ t 1 = 1 5 nm 
TftO, ftin-mti'V^V (Si O z )j*Kl20 
SSt2 i ?2 0nmtib»)> 3g2 0 I TO?f Ml 30/¥ 
§t3*5l 00nmt*0, SS2 OZLK-ft^ V 3 
14<7)f$t4^90nmt*5. H14^HPtfcte 

%Mt&mm*cRTmwizmg-t& tziz. mmm2o 

k LTs tfiJxti's i o 2 ^fc'c^^{^#0^$V>5 

mm ( H^-tH* ) tiis o ottfc . 

[00 23] HI 4tH»tfc*ER*t^S)KSrH9^H 

10' , 20' . 30' , 40' (COV^R«4S*«^ 
LfcsfeHIS-Hl 5tc^„ HI 5J4AR7' -f;WAtc:-pv^ 

t comm i . 2 z>RMmcom%.%3%z * l^h i 

OfciVHl 1 (=»R"r*4tteRW*«o»£tS*£^ 
r^v-Vbh. ^^OigH{4TRB«43 6 0- 
400nm, ±PS{4 7 6 0 — 8 3 0 n m k mhtiX^^ 

wmt^*wx*h%®&. wwmkv 6 5 1 

LffliFft 2 ' TttMeH^ 380nmH780nmf 

[0024] hi 5i / zmmtfz^i^m^-i>k. m& 

cr>XRmfttfi 0' <o«^tcii. Alffl^ffij»**»/c>*«> 
fcffiiSRSt 0 . 3 W^feJK t 

MIWS^A^ < %&lz-oixx&msmcr>%Mimtf*;% < 
$citL, mi6lzmMLfz£ot,z, *MMiftW40' k 

im<?teBUt&mKt:&a~r&zkim*L\>\ hi 6 

(4AR7^/l-A^V->Tc 7 )Hl 2J34VH1 3(C»fK~t 
57tfcS. 

[0025] 2 <7)mmcr>mm _ 

*wmm2cr>%mmmk ixcm^mmz^^xm 
^.^2 commmmk Lxcoi&Kmma , as 1 on 
mmmk LxnteKM&mmcoTFMHrz&WLfz. m 
2c7)mm<r>&mk txcoMKm^mmcommn. hi 7 

fcEWUfc i 3 «it@ft{4H 1 4 {cHJSLfc^ 1 0 
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1 7(c0ft?UcJ; *»BBOfiRltJR<0SB2^||* 

OSSl^ITO (Indium Tin OxidejfJl 3 1 s B^O/P 
Zt2acr>mico-Wtiki'Vay (Si o 2 )¥f§(3 
2. FJf5&7)J5$t 3 acDj)§2<7)I TOffJl3 3. ffi%<D 
9 £ t 4 a 2 (D-mitis ] J 3 y»It 3 4 t fc 
flUt£LTV*4. =5r*5. £;h.S>e>*e>ff${±SSl<aSQt 

01 7tc0<St^4gRlt^SH^CRT^ffltM 
f*«4 0t LT\ M*(4\ SiO z ^ 
t*C0ft¥mz%Wi0'hZ V ^ 5 n m&TOSSIl£tf- LT P 

K£»«S-ti\ £ft£CRTfiiBfc^Jlt£MRtf>iBi 
W I TOfWRfcoBlfci^&S-ti-S. 

[oo 2 6] hi 8«hi 5iznmt&&2<rm&crm 
m<mm\i&*^~?7'y7X'h 9 , as 1 <r>mk<mm<F> 
w^&nwfc®m*ht&>. 01 5t=BWLfc«ftt7* 

-*fcovvc N £*^<aKW¥£{|£<Kf|-U 6 00 
nrai^7 5 0 n m4T*3»^Hit*<Z>#-:/**R> 
a»teRH-Ljfc»££Sr$\ Hl8tcEW¥tJtRlt*<0i: 

4. a. ^^{PiJcO^-y^^^fS)^.. b. 4 60 
nmH600n mO^*fegTJ:t!KBW±I=3rRIt*^t14 

[00 27] £c7)J;d&#tt£3IS«-&i:. SS2ilifcD 

&mcom%tt$>mmiz£ h t m 1 9 jchj» tfewtwi 
4>n.&. 01 9 (±01 efcttjE-rsiftttfliftfcjjs"*-^ 
01 9<of-^tn 6cr>^~?tznyct 

hb. 0 1 9 <7)x- * tefttlco AKItft wSWfcfc: <£ 

• C0B#cORS^£JK<Dy1i£0. 10J3LL0. 2 5JTF 

k-f£^kT\ 4 0' *>B*fcft*&*efc#rtifc:SWfcU 
m&tfBir.tt<tc->fz. 3tia^ARifft4 0° onto 

R9t3fcfeJ»i, tifci'fife ( x = 0 . 3 3 3, y = 0. 3 
3 3) fciS^feitfcSro-CfcO, ^3r<kt>, Wffl*{= 

[0028] l-XhcO#tt^^-ri$^St^S^(i, 0 1 7 
|g 1 CO I TO?fJR3 1C0J1$ t 1 a=2 0 nm 

*i»3MtH3y(Si o 2 ) mm3 2cr>mzt 2 

a ^ 2 5 nm 

SB2tf)ITO*fft3 3<7)/S§t3a = 4 5nm 
SS2C0ZJMt;^y3>'gHR3 4(!0ffSt4a*;l OOn 
m 

[0029] ^ftwni&smmzmm- stti 



</0 1 8 fc (4JI&&RS«^ek tiJS&£&&S*£S]8l 

^i^R-rswis 01 4&£vminzmMLfz&mv> 

[0030] ui±, i&%.mmt Lxetemt&mmzc 
RT*itt*§tT c RTmmiz$&kztitzmmcr>M 

imZmfr&tztbcoKMlz^^xm^tzfiK IMLfzm 

zaii2>mmiicRT$mizmm2-£&tt'VT%:<. mi 
(4. *<rm<vgm\,zmmr&h. txkcvnmmiz&^x 
coiSMMmim^^m^n^^. man. sjm^/w, 

[003 1] 

imwm\ *%w<rm(Mmz£tu,z. s».*mp> 
Rmm<7)# m^ijHz-r hztx\ %M<?>\%Mft 
< t£->x \>wsk%ffii^Ki^hm&&m, 
x% tz . *%wc?>i&Kmmz cRn v<nmno ^mz 
mm-t&t. m^^^smxwmttit^z^ 
m&mwmzmvtem^^mMizttLxmtbfrtiWi 

[0032] *m$kZ±hmtt>t&BL<nym*Q. 10 
lilh, 0. 2 5W.TlZfflmt&ZbX\ AR3ra#*# 

m&iz$ffl,i-&<7)%mmz'% -t. 
[0Bcom#^Bj] 

[01] 01{4SS^^BK-7«OJBiff^^^-r^7 

[02] H2{43ISttASWI«=l 0° fcJs»t«HlK* 
LfcBK — 7 OJSJlf *<0x- ^ * J £>3Iifr W3: B K - 7 CO 

[03] H3<43H»ASWSS=2 0* {CiittS01^ 

ubk-7 commm?)?- ? frbmsfrW}* b k - 7 co 

[04 ] 04{idtL^T*Q^fLTV^^RIt*SiJ^ 

[ 0 5 ] 0 5 (±04 £08? tfc*B»Rit*s!i^ar*ffl 

V^T, ^S^BK-7^LT*HA*f^Jg= 10' 

x-Kmrnnmrnt: ucmm^^^yxh & . 

[ 06 ] 0 6 (404 £0*? Lfctt»RftW5i»j£§ae$: ffl 
V^T. a^t^BK-7t»U-CmWIWIK=2 0* 

[07] 07(404(c0B?L£*g#RIW#J^«£ffl 
V>T, aWSK^BK-7l;»L,-C3K»AaW9JS=l 0' 
X\ »«2 2 0—8 8 0 n mfc:o^TRftrastf>aiffi£ L 

[08] 08(404(C0«t^*rR*f*fJSi^S?rffl 
wC. S*^4BK-7(^LT^A*t^JK=2 0' 
T. **2 2 0—8 8 0 nmKov^RftWsoaiS* L- 
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[09 ] E9ttmiizt3»xm^$>tiizM%rf-t:m^ 
[ h i o ] h i o urn 9 izmm Lfzmn^.mmi^.mm 
io s . 20 s > 30 s , 40* x-ftitKmmzmfeL 
[Hi i ] hi nm9izmmLtimn^mmm^mw. 
io° . 20- . 30^ . 40° T^ytKmm^m^i 

[HI 2] HI 2(iAR7 4 ;l^UcofSm fcovvc. H 
1 OiSi^l^titx-^O^*^. RWflrttcfeeo 

[HI 3] HI 3 Ji AR7 ^ ;UAC0im 2 fcoWt , H 
1 1 J: tf* 2 teiSUr?- RiM*i*fe<o 

[ H 1 4 ] H 1 4 J^fEJJ^ffiRStllB^Sf i comWcoB 

mt LxcoM%M&mmv>WMmT$>& . 

[Hi 5 ] Hi 5 li#f&HJI<75ffiRltlft75ai 1 nmi&cOB 

mt LxcomKtt%mm$:m9izmMLfcmi%.Mmw 



smwx\ xMAmftg. 10° . 20- , 30° , 40 

[ H 1 6 ] H 1 6 <±H 1 4 (=H» LfcSB 1 <0ltStO?g» 

[H 1 7 ] h 1 7i4*aMB»«Ritjii^iB2 <D$m<m 
mt Lx<n*mt&mmcmwmxhz>. 

[ H 1 8 ] H 1 8 \X*mi<rWK.mWk<7)%i 2 commcoB 

mt LxnmMM&mm*m£wmLtzwt&Mtmt 
jgssarc. ytmxftiftm 1 o • , 20- . 30° N 40 

• t,z^xmtm&mfeLtz&%:$:w;-ty ; 7 7X'$>&. 

[Hi 9] hi 9 umi 7 izmmitzm 2 ^mmmm 



10, 

1 1 , 

1 2, 
1 3, 
14, 
20, 



30 
3 1 
3 2 
3 3 
3 5 
40 



^lOITOgl 
I TOiK 



[HI ] 



[04] 





/ 



[gig] 
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[02] 



[093 



5.20^6 



4.40H 

4.00% 
3.80*6 

3.40W 
3.20K5 













Rs 
Rav 


1 1 1 1 1 I ■! - 1 - M T 1 


Rp 

i i i i iii i i 



[03] 




Items i 



5.40% 
5.20ft 
b.00% 

4.eo% 

4.60% H 

4.409* 

4.90% - 

4.00% 

3.80% 

3.B0K 

3.40K 

3.20% 



[HI 2] 



Rp 



Rav 



Rp 



0.40 -y 
0.35 
0.30 
0.25 - 
0.20 - 



1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 0.15 



[01 7] 



0.10 -, 



0.05 - 




— i r 

in 

5 



-i 1 1 1 



o o o o o" 



30 



>>>✓>>>>>>>>>>>*>>* 



~ )34 : SiQg MD0nm| 
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[05] 



[HI 3] 




i i i i i — i — i — i — i — i — i — i — i — i — i — i — i — i — i — i 



0.40 
0.35 - 
0.30 - 
0.2t> 
0.20 
0 15 
0.10 
0.05 
0.00 





i , 






[ 
i 

H— — 

! 


j j 

j. j- .y4.30de 

y^Odeg j ■ 

10ueoj yJ\ 


\p 40dog 

! i i 

t i 

: : i 
; : : 




«■ i i i \ \ 

\ \ \ \ \ 




i 1 1 f i 1 



9 



as 



[06] 



6. 00% 

&80K- 

560K 

&l40« 
6.20 

4.80% 
4.60«H 
440% 
4.20W 
4.00W 
2.80% 



=20- 




HP 



-T — i — i — i — r 



[014] 



10 




• ITO:lndlumTinOxide 



,4 


Si02 ^90nm 




13 : 


ITO^ lO&im 




12 : 


Si0 2 ^20rm 


11 : 


ITO"i 15nm 
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[07] 




[08] 



6.6*5 
G.4%- 
&2K 

5,8M 
6.6W 
B.4H 
5l2« 

4.8 W 
4.6 W 
4.4 H 
4.2 W 
4.0K 
3.8 W 
3.6%. 
3.4 W 



\ 



\ 



\ 



y R45 



^RD 
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[010] 



IGLOOS - 
9.5096 
9.0096- 

a 50^ - 

8.0096 

f.9096- 

7.0096- 

6.0096- 

5,5096 

5.0096 

4.5096 

4.X 96 

3,5096 

a0096- 

2.5096 

2.0096 

1.5096 

1.X96 

0.5096 

0.X96 




I 1 1 1 1 — J 1 1 1 — I — I — I 1 1 - 1 — I 1 1 1 — l 



[011] 



10.0096 
9.5096 
9.0096 
8.5096 
80096 
7.5096 
7.0096 
6.5096 - 
6.0096 - 
5.5096 - 
5.0096- 
4.5096 
4.0096 
a 5096 
a0D96 
Z5096 
2.0096 
1.5096 
1.0096 
0.5096 
0.0096 




-I 1 1— 

I § I 



—1 — I 1 1 1 1 1 1 1 - 



i i — i — i — r~ i 
§ I g § § g 



[HI 6] 



0.40 -r 




[019] 



0.40 



0.35 



0.30 



0.00 




0.?5 -f -/--?.. 

0?0 
0.15 - 

olio 

0.05 - 



I 



— r— 



— I 1— 

HI § 
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[HI 5] 



(R10-10", R20=?O\ R30=3Q\ R40 = 40"> 



10.00% 
9.50% 
9.00% 

a 50% 

8.00% H 

7.50% 

7.00% 

a 50% 
a oo% 

5.50% 

5.00% 

450% 

400%- 

150% 

100% - 

2.50% 

2.00% 

1.50% 

1.00% 

0.50% 

0.00% 




[Hi 8] 



10.00% 
9.50% 
9.00% 

a 50% 
a oo% 

7.50% 
7.00% 
&50% 

a 00% 
a 50% 
a oc% 

450% 
4.00% 

a 50% 
a oo% 

2.50% 
2.00% 
1.50% 
1.00% 
0.50% 
000% 



(R10=10\ R20 = 20\ R30=30\ R40 = 40 B ) 



RIO 




-R20 R30 



-R40 




(51) Int. CI . 6 

G 0 9 F 9/00 
H 0 1 J 5/08 



«8<JiB# 
3 18 



F I 

H 0 1 J 5/08 
G 0 2 B 1/10 



A 



